Shifting event times leads to temporal bleeding of activation. Pre-spike analysis may improve concordance between the EEG and fMRI. Pre-spike analysis at 6 s preceding event minimises temporal overlap.
h i g h l i g h t s
Shifting event times leads to temporal bleeding of activation. Pre-spike analysis may improve concordance between the EEG and fMRI. Pre-spike analysis at 6 s preceding event minimises temporal overlap.
a b s t r a c t
Objective: The objective of this study was to investigate whether previously reported early blood oxygen level dependent (BOLD) changes in epilepsy could occur as a result of the modelling techniques rather than physiological changes. Methods: EEG-fMRI data were analysed from seven patients with focal epilepsy, six control subjects undergoing a visual experiment, in addition to simulations. In six separate analyses the event timing was shifted by either À9,À6,À3,+3,+6 or +9 s relative to the onset of the interictal epileptiform discharge (IED) or stimulus.
Results:
The visual dataset and simulations demonstrated an overlap between modelled haemodynamic response function (HRF) at event onset and at ±3 s relative to onset, which diminished at ±6 s. Pre-spike analysis at À6 s improved concordance with the assumed IED generating lobe relative to the standard HRF in 43% of patients. Conclusion: The visual and simulated dataset findings indicate a form of ''temporal bleeding'', an overlap between the modelled HRF at time 0 and at ±3 s which attenuated at ±6 s. Pre-spike analysis at À6 s may improve concordance. Significance: This form of analysis should be performed at 6 s prior to onset of IED to minimise temporal bleeding effect. The results support the presence of relevant BOLD responses occurring prior to IEDs. Ó 2015 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Simultaneous acquisition of electroencephalography (EEG) and functional magnetic resonance imaging (fMRI) is a non-invasive technique (EEG-fMRI) that allows the indirect investigation of epileptiform neuronal activity in the human brain (for a review see Gotman et al., 2006) . This method exploits the haemodynamic changes associated with interictal epileptiform discharges (IED) that are identified on the EEG. The concurrent blood oxygenation level dependent (BOLD) signal changes that accompany this activity are typically modelled with a haemodynamic response function (HRF) that peaks 5-6 s after the electrographic discharge (Glover, 
